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(54) RANDOM LOGIC CIRCUIT 

(57jAbstract: 

PROBLEM TO BE SOLVED: To save the electric power in 
sleep mode by turning off the power source of a specific 
circuit in sleep mode and providing a sub-threshold leakage 
current preventing means between a front-stage and a 
rear-stage latch. 

SOLUTION: The front-stage latch part and rear-stage latch 
part of a flip-flop circuit are separated by a transfer gate 50, 
which is controlled with a control signal TG2 generated in 
synchronism with a basic clock and its inverted signal TG2B. 
In sleep mode, the electric power VCCO supplied to an input 
part, the front-stage latch part, and an output part is turned off 
to hold data by the rear-stage latch part, and voltages which 
are lower and higher than the VSS level are generated by 
level converting circuits 59 and 60 to apply a negative 
potential to the respective gates of the transfer gate 50. Leak 
currents of respective transistors are prevented and the data 
can be held by the rear-stage latch part to prevent a leakage 
current flowing to the front-stage latch part in a power-off 
state. 
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nvcc i ^mim&frh&J&ztih. 

[0 034] FftCCtt, TG 1 Bft^BV 

SSKik TG 1 fi-^BVCC U-<;UiaO. A^SP 
50 Ki^-^^A^^n. EKi. WS©^!7^SCCA*Sti 
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4. CCD®}. TG2BI^iVCCl/^k TG2fi^f 
ttVSSU^-C*io TG2Bft-^«VSSU 
-<jy. TG2<l#«VCCU^;l/d:*9, TG 1 Bfi^f 
ttVCCU^Jk TGlfifttVSSU^iftSCi 

"C, TG2BS^ttVCCU^;k TG2ff^-«VS S 
J#£;ft£ e TGlBifttVSSK;k TGlftW* 
[0 03 5 ]^ y-:/*- FB«Ctt. A^SP> M©©^ 

*L/rw*»(c«f&sn*««vcco'tt*7 

v s s u^wc#br{st»*E#£i£3ft* u^af^ 
stw, h^>x^ r— f 5 ottwm 

h 5 O0NMOS h 

i>? is * >\> f y - tt±3ft&. 
[0 03 6]^ y F^effiwa-rtctt, maia 
g§«:<fc0, *7 3-&r^fc«iiiivccoft*>s«*K 
ft < , x y - FBo©ttfp(D«ta*spitBr 

^gB©&F t^u-r>a^Fy-^8 

^sp, mao^^^w. F7>x77-y-h5o*jj; 

[0 03 7] KLL©<fc 5 CC v C <D§m<D9m<Ofc1£ 1 tc 

B^ct, *jBVCC0**7«ct{cJ:0. £n^n© 
F -7 ^-c^b-cc^dt^x u 9 ^ 3 ;u F y - ? 

-h so©***- fcc, ^n^nmm{4^en»a3i±^/c 

*7 S-e/caaacOv 7 ^gp<t©fg©1f :/x U v */ 3 ;U F 
[0 03 8] Xtt(D^S2. H3tt. £©^93©I6S&© 

W^TG2 m J: OTG2B «#©*ffi©£ft#tT 
*>ft&t>*<tT*>a. 6 k 6 2«, h7>X7 7 -y 
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-FT&0, TG2fs#**J:tfTG2 Bft^tCcfcO, * 
Is&ZWZXyZtl&o 6 3, 6 NMOSh7> 
5>**"C**K h7>^7 7 -y-h6L 62^/TL 

TAAsn4ffi««#/A*j<tiyfA*J, *h*ti©y- 
Ftcstirastis. 6 5, 6 6tt pmosf^>^x 

6 7, 68«NMOSF7>^^t$.l 
© F ^ ZsisT, *? 6 5 - 6 8 0 , ^«*i*aS*^JaS 

10 spw, *n*n«iHvcco^*^3n5©r k ftspm 
sg^r-coi^^x kr> 3 ;u f y - ^aiSstt^Lttc* 
«r©-5 «?3&JEi«jisn*fc 

^©IPm*, *^Usr5/a^Fy- 
W3^h7>^$6 5-6 8 (L#l>ffi«(i©m> 

h7>^x^so i F^>^x*i£) r««stis. 

ie»<DJ&ffll £H«fc. A*SP«, F7>^X^40- 
4 3«$n k sJSCD77^g|5«. F5>>>X£44 

7, 5 F7>^^5 7, 5 8 ©&y 

20 -HJ k mfc<Dltm2X*\Z, F^>S>X£63©FW 

[0 03 9] We©f-^«, A^S^D, A^ 

ns 0 A^ifrf-DccAAsn^-^B, *r. tgi 

g^JVCCI/^, TG 1 Bf^VSS U-^frCft 
0 (TG2i#IJVSSU^ TG2Bi^ttVCC 
U^l/) , A^»*J:CfWgM)^^^»tcffl*StiS. 
^lt k TG2S^VCCl/<^ TG 2 Bft^V 
30 S S U-<;b (TGI ff-^teV S S U-^;U, T G 1 Bfi-^ 
«VCC^;W k:^c0, T-Zft. 0uS©^7^gBCc 
ffi^F^n^i^^c, F7>X7 7 -y-h6 L 62# 

^-^^aao^^^accA^r*. 

7-^-h6 2^lt t b5>*sX*B4<D>f-htC 
EPJjn3ft6o ^-dr/At*. ^-^AOJgKft-^r* 
0, h7>^77-y-h6 1^lt 1 h7>y^^ 

40 [0 04 0] ;Wc v ^>^AU^^^[pIK©> / -^' : & 

- FB#*j<fc^ y-^- FBMcfewaaR©^ *^ ^sp 

jW*-F»«:oc»-c|B9H-*. E Sfi-^fcJc^N Sft^- 
« k itOCV s s U^;U#«j££ftTt>&#, NSft#© 
«{a*3-=e>y-^«{a«:-rSNMOS F^>^xdf6 
7, 6 8#, iSi^b^t^fitm{4©/ci?)&clitb^m^© 

50 3. 64#. «f»D7**©«tt*ifcj£T*. PSff^ 
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VCCU^k TG2BI^VSSI/^KTGli 
^VSSl/<;k TGlBi^JVCCU^) tcft 
0, F7>X7 7 -y-h6L 6 2#*>tt«£tt 

A& Y <y>V>7>% G 3 (Dy- HcEPftjSftS. 

f-VA^VSSK;I/CD«^ h7>*^*63tt 
*ytfBs F5>^**6 4tt*>tflK£&9, t*-* 
B ( b^>^*£6 3(7)Fl/^>ffl) ttVCCU^k 
7*-£/B ( h^>^X£6 4(DFUH r >fPJJ) ttVSS 

7*-*B (VCCKW *« % 
KELT, vssu^;KDffi*M#*Jffl*3tii. 

I3«tc. W«IHiS*6©TGl«^ TG 1 Bf ^ T 
G2fl»* *UtTG2B«#4t7ttlift4 i X« 
FB^^- *M<DJI5*g 1 £|5tff 

;k f-$B^VSSU^ f-VB^'VCCI/^ 

;i/t?*4B$&c 4 xy-7**- FCCAofcW^fcoircR 

h 6 K 6 2tt, »!JfflIlp|g5^6TG2li^feJ:^TG2 
yx*6 3 ©y- F KttV C C U^;U*SEPJP3 tit l» £ 

ji/py *©t^5/ 3 ^Fy-> 
»8£©S5*r % h7>^*63©y-htt, vssu 

^l/STfiTtS. h7>i?X^6 3©y-Ht vs 
S U^Jl^©(ST©K»r , h^>^X£ 6 3cd FiW 
>i^y^ffl(ESS-fi) *x I^X^a^Fy 
-zmmififtLhZ. NSig^ESffi^-itt. CQ&Pg 
"Ctt, vssi/<;i/r*^, 0 c<DV-7xis3)ib~v->7 
«ftE*fi«S-&4/c»Cc % h^>^X£6 3<DV~XffiiJ 

cDSff*y-h«E (vss) <fc9fci*<RE-rs. e 

a^Fy-*«*fc«£-rs©T\ Nss^omiE^y 
-nm (vss) «fc9fcw<»jrrs. ^7 

^>^^JU©iec>«0E<!:VCCi<DBI©afftcH:^-r& 
c£T\ hlEcfcH Fu-r>«EE#iiKttD. if 
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Kg^T. VCC WOVX*) feiftC^VCC 1 U-^;l/tC 

ypss-foiE^Jatscir, h7>^^64 
-FfrsaEwm-r^tt. *7stt^cijgvcco4 

10 [0042] 05^, PS «HP©«E*W»r *«EEW 
IBIsIK<D«RE*^"rH-C** 0 6 9, 7 0(ih7>X7 

i ras^fcwspH»3&>6©^ y Ftfe»«# ( s 

LPfl^feitf/S LP<I#) Kl^^r, ^a&RSS 
n/c^EEV ref 1 V ref 2©f%6*>—* 

*PSS^cMt^) e Vr e f liJVCCU^I/t^ 
9, Vr e f 2iiVCCl U-<;t/r*£ 0 H6lt NS 

& e 7 2tt*^T>^@IS. 7 3(iNMOSh7>^X 
20 £T?&£ 0 NMOSh7>^^7 3«, y-MCSL 

p m^oimMx * s /.s l p m^&tm 2 n * „ * 

;Wr- FBSfctt, VSSK;i/*NS«fJcfi«SU x 
y FB#tCtt % ^S^?n/tSEEV ref3% 
NS«FF-CC«|ft-irs. B7tt; E SJft?4>ttE*Marr 
*«EJW»HB©1flS*^rHr*S. 7 4ttt^7> 
^lUK, 7 5BNM0Sh7>^$-Cft5 o NMOS 

/SLPf^HUDSn*. y-v;l/^e~ FfcHU*. V 

30 B % TO>R£3tlfc*EV r e f4$ES^cMt 

[0043] «±©J: 5«C, $m<OBi&2 tC*$l»Ttt, 
S®CD7?«^ mrSco^7^gp^^C7)7 r -^A4oJ: 
Or-^/A?:F7>yX^64, 6 3 (O^rfn^M- 

v^&wz>m8rc$>z><D~c, xy-^-FWcc. 

£ If a ;b F y — ^ ai&£ K±T 5Ci^t 
^i/->iei!i8%iSftiL3tc<t:t>, xy-7* 
40 FBSK, NSffi^iE SSS^<DSH**^giS^ 

aftjcaasersci-c. aso^^arjeiK:?*--* 
9^a^Fy-^*a%i»±-c#s. jg^c^/c ^y- 

VCC0^t7«cik:j;^ *h*h®h7>^ 

[0 0 4 4 ] J|S£(D?BJS3. ^8li, CO^BJOSUfe© 
50 atC^Jl^T, 7 6^-8 1 ^' 7 7 (hIKv 8 2-8 
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7. 91-96. 100-105, 1 0 9— 114 

y*)?y'yo v y y v y'y a ? y'Mffi 

\t % F/Ft^$ntt^ e 8 8-9 0, 9 7-99, 

1 0 6-1 08^ \~?>V>Z&Ziisy Z^S&Tfo 

6 — 8 1, 7 U ?^7P-^iB8 2 — 8 7, A^F^ 

>yx#a^y ^|hI2S8 8— 9 o , y v y-fynyfffl 

gg9 1— 96, AX b^>^X£n^? #E]gg9 7 — 9 

9 , ^ y ? ^ a * ?'|H]&§ 100 — 105, ax h ^ > 
s^x^a^y ^|§I88i 0 6 — l o 8, -ei/T, yv?y' 10 
^a^y*[p|gSl 0 9-11 4<DJBfc:, W$n^ 0 

y ^ ^"^ p ^ ^H8S«, H^Stin^J: 

tO 0 4 5 ] 0 9 te, m&tCm2titc'*X Yy>i>*$ 

J6OS»2©HH«RSi»a0. Ax h^>^jfOS? 20 
? ^HB*sfi6H3-ti, M^c, ^ y v y'y a ^ y'M$&<Dm 

JBSti* NMOS h7>^X^t«^SnS. 0 

or, ii5-ii6«, -r>^^^[g]K, 117-1 

2 4tt, ax h^y^jpy? ^@K%^r^NM 
osh7>^^ 4 i 2 5-1 2 6«. TGimmzm 

UJn^NMOSF7>^X^, 127-1 28te, N 
MOS H5>^X£, 1 2 9-1 30^, PMOSF7 
>S?X£, 13 1-132tt, NMOSh7>^> 4 30 

I 3 3-1 3 4W:, TG2fi#T*Jai3n5NMOS b 
^>>>X£, 1 35 — 1 3 6« v NMOSh7>^ 

1 3 7 — 1 3 8lt PMOSF7>^X^ 4 139 
— 140&£, NMOSb^>^X£, 14 1 — 142 

[0 04 6 ] y-VJl/^- KBSCDttff K:oi,iTttt?S-r 

£ e ax h^^x^as^^IlIgStt, -OA-^iggg 

I I 5, i le^it, tBHWtt^-^sgwms. 

St*-***, NMOS b5>isZZ 1 17-12 4t ; « 

/ssn^Ax h^>^x#a^? ^@iS*ao. *n-e 40 

lf^VCC l^l/CDBS (TG2il^ttVSSU^ 
;U) tc, NMOSh7>^X^ 1 25, 1 2 6^t>tC 
mtte*). -r-^Dtt. NMOS F^>^X* 1 2 8<D 

y- hfcEpjjn^ft, ^-^/Dt*, nmosf7>^ 
*i 2 7 coy- Mcawmsn^o m^<o^ v 
iwsottm*. n*©jB«2©«tt*BsiraaKD«i 

fi&f-^iU, TG2i^VCCl/^W(T 
• Glg^VSSI/^) tc. NMOSh7>^^l 50 
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33, 134£;*>LT, NMOSh7>^X^135, 

1 3 6CD^y- httlEpJjn;*ft£ e S®©^ * 

<^/q) <tur, *n-en>f>^-*Bi»i 4 1 , 14 

2£/M,T, ;X<Z>AX by>$>Z#Ui>v fMffifcttijj 
£ft& 0 TGlff#<bTG2fi^«, tB»W&ft#T* 

-^©A^i«i#, wao^^^&f^©^*** 

TGlffiTG2I^ XNKHBMU. 2iH 

W~?Z>o /UF7>^^P^-;» TGIM^ 
TG2fI#te, ^rj®HHSSk:J:0 . *yZtxZ> 0 NMOS 
F7>^X^ 1 2 5, 126, 133, 1 3 4tt, TG 

t*-*^ «ra<D^3r^«4aa©v^^«cc* 

[0 04 8] JW±©J:5«C % H*©^«3«:»*^>y 
ap^^ ^[USSccteorw:, ax h^>s>x£n^* ^ 
EIK^eoS-r-^iHua©^ ^gflO h^>S^X£ 1 

2 7, 1 2 8C0Sy- ht^tt^CD'C, 

- KBStcfc^SBua<D-7 **SP£Ax h^^X^uv? 

CD^r-^^aCD^^^SCOh^V^* 1 3 5, 1 

3 6<D&y- h-c«nt^©t\ fbsk: 
fc^if^a©^ ^spiBfa©7 ^ ^apicDPj-r^r 
2>D-7zi>v^B)i k y - *siS£i»±-r £ c i # 

^ 0 ^fc, xy-^-K^tC, ESS^iNSS?© 
mffi^i^^^^Citc^or, h7>S/X^127, 
1 2 8, 1 3 5, lSetiit^^l/rVa^F 
y-^«^R*±T^C<b^'C#5o ±3iL/fcJ: 

i(7>p a i(Di^yx u ^ ^> 3 ^ k y - zmmozt&ftWiVf z> 

TsZuis? Zmmi*. NMOSbyZsiSAZ&gMtcm 

^wtsmmmfi* i»a©7?f8Kcffl*sns^ wra 

[0 04 9 ] 
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l»±0K*«**c4«:J:g. X'j-^-F^ » 

mz*7 z&tcm i <d? y ?$ntm2 ? ^awDiar 
«*-rsif^ u >- a ;u f y - ^WftSEfct-r* c £ 

[0 05 0] ^y-^*-Fft«:, A#». Sti 

[oo5i] afc, xy-:/*- fb$k % micomhtg 
mstm i * *tot<DmicBmstiitM2<Dh*> 

b 5 #r^£*r s-y-^ u ^ ^ 3 ;u f y - 

[0 05 2] A;ftSB£AX h7>yx>oy7 * 
X h^>>>X£t3>^ *BR<fc»2<D^i*i|gg<h©IH 

«8tc &«|»c 7*- £ £fig£-r £ c £ #r * / Jfl2(D^ 

[0 05 3] MCC, ^'J-^- FB$K. Jfl4(Dh^> 
^ Z&ZMZmsV F 7 >v>X £ <D&$& : £<DWEi$: $0 

h =7 >i>X tt-CZt&'f u * > 3 ;U F y - ^SSSc 

[0 05 4]®c£/c, AX F^>^X£u>^ 

[0 l ] c<o»w©iaS(Djg«ir*s^>yAa^ 
[0 2] 01 te^Lfc:? Vvzfyn y :/[g]8g7- 1 * 
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2, 16-21, 2 5^3 0*5<fci^3 4-3 9CDfltJffi* 
^L/c0-e&£ o 

[03] C©»M©^JfeO?g«82-C*47 y vZfVU 

+ - f-0r$>£ o 

[05] PS 4fff 0«E*W»-r 4«BEW»H»©* 

[06] n s *f-o«e* w»-r 4 mE$fJ®[HlSSCO^ 
j&£^T0r&£ o 

[07 ] E SiSMF©«E«:tt»-rS«E«lffllia»©ai 

[09] 08^3ft/tAx F^>^X£p^*£[d] 
8§<h 7 y * P ^ ^I5|Bgi©*aES:^bfcia"C*S 0 
[010] ^©pgJi^^^Ai^LfcBI-C**. 
[0ii] ^7>^ap^^(dm^i/c0 

[012] Bii©7y?^7o? ^18ot«^' 

[W-^Di»»J] 

5 0 F7>X7 7 -y-F, 5 9-60 U-<;l/^ 
IfeiaK* 61-62F7>^7 7 -y-h 4 63- 
64 NM0SF7>^^ X 6 5 — 6 6 PMOS F 
?>>>X#, 67-6 8 NMOSF7>^X^ s 
69-70F7>X7r-y-F v 71—72 
T>^HS8, 7 3 NMOSF7>^^, 7 4 
*^T>:/|pI&, 7 5 NMOSh7>^^, 8 
8-90 AX b?>i/X$Ui>v2Elffi % 97-9 
9 AX h7>^>0^? £@8& 10 6-108 

AX F7>yX^a^7 ^@Sg v 117 — 124 
NMOSh7>^^, 125 — 128 NMOSF 
7>^X£, 1 2 9-1 30 PMOSF7>yX 

131 — 132 NMOSF7>^^ 13 
3-136 NMOSF7>^^ 4 137-138 

PMOSh7>yX^, 139—140 NMOS 
h^>^X£ e 
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